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1
COMPOSITE BODY SUPPORT MEMBER AND
METHODS FOR THE MANUFACTURE AND
RECYCLING THEREOF

This application claims the benefit of U.S. Provisional
Application No. 61/568,348, filed Dec. 8, 2011 and entitled
Composite Body Support Member and Methods for the
Manufacture and Use Thereof, the entire disclosure of which
is hereby incorporated herein by reference.

FIELD OF THE INVENTION

The present invention relates generally to a body support
member, such as a backrest or seat, and in particular, to a
composite body support structure including a fabric layer and
apolymer grid layer, and to methods for the manufacture and
recycling thereof.

BACKGROUND

A variety of body support structures have been developed
ranging from rigid fixed structures, for example wood or
metal benches, to entirely fluid structures, such as hammocks.
One type of body support structure is a membrane suspended
over or between a frame, such as the backrest and seat embod-
ied in the Aeron® chair developed by, and available from,
Herman Miller, Inc., Zeeland Mich., the Assignee of the
present application. The suspended membrane provides a
high level of adaptivity and aeration, which are primary con-
tributors to the comfort of the user. Typically, the deflection
pattern for this type of suspension structure offers more flex in
the middle of the support surface than at the edges, where the
membrane is supported by the frame. It may be difficult to
provide the body support surface with any contour, for
example along any particular cross-section between frame
members. In addition, the frame presents a relative rigid
structure along the periphery of the support region.

Another type of body support structure is a molded poly-
mer structure, such as the backrest embodied in the Mirra®
chair developed by, and available from Herman Miller, Inc.
Often, such structures are preshaped and frameless, with a
three dimensional contour molded into the structure that con-
forms to the body of' the user, thereby aiding in the distribution
of'the load applied by the user. The deflection capabilities of
the structure may be predetermined by way of controlling a
number of variables, including the material of the structure,
the thickness thereof, the presence of holes, etc. While such
structures may be covered with a fabric, the fabric typically is
secured only around a peripheral portion of the molded back
so as to not adversely affect the flexibility thereof. Such
molded backs typically are less adaptive to applied loads than
the suspended membrane structure described previously. At
the same time, the molded component does not require a
support frame, and may therefore be more adaptive at the
periphery thereof.

SUMMARY

The present invention is defined by the following claims,
and nothing in this section should be considered to be a
limitation on those claims.

In one aspect, one embodiment of a body support structure
includes a molded polymeric support grid having a three-
dimensional molded contour. The support grid includes a
body support region having a plurality of through openings
separated by a plurality of lands. An area of the openings is
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greater than an area of the lands. A fabric layer is bonded to
the plurality of lands and covers the plurality of openings.

In another aspect, one embodiment of the body support
structure has a ratio N:M of a surface area of the lands to an
overall area of a body support region defined by a peripheral
edge that is less than or equal to 0.74, and in one embodiment
less than or equal to 0.65.

In another aspect, one embodiment of the body support
structure has a ratio V1:Vm of a volume of land material (V1)
for the body support structure having openings to a volume of
material (Vm) for the same body support structure having no
openings that is less than or equal to about 0.74, and in one
embodiment less than or equal to 0.65.

In yet another aspect, one embodiment of a method of
manufacturing a body support structure includes molding a
support grid in a three dimensional shape from a polymeric
material and melting only a surface layer of the support grid
while maintaining a solid substrate adjacent the molten sur-
face layer. The method further includes pressing a fabric
against the molten surface layer of the support grid. In one
embodiment, the surface layer is melted using an infrared
emitter. In another embodiment, an adhesive is applied to the
surface of the support grid, and the adhesive is heated, for
example by way of an infrared emitter or by conducting heat
through the fabric as it is pressed against the adhesive.

Inyet another aspect, a method of recycling a body support
structure includes providing a fabric bonded to a molded
polymeric support grid, wherein the fabric and the support
grid are chemically miscible, and in embodiment are made of
the same polymeric material. The method further includes
melting the bonded fabric and the support grid and thereby
forming a melted material, and collecting the melted material.

The various embodiments of the body support structure,
and methods of manufacture thereof, provide significant
advantages over other such structures and methods. For
example and without limitation, the body support structure
may be provided with a three-dimensional contour, but with
increased adaptivity to the user. The composite structure is
self-supporting, and does not require an integral frame struc-
ture to maintain the shape thereof, for example around a
periphery thereof. The compounded materials may be
selected and configured to provide various zones of greater
flexibility. At the same time, the composite structure is tem-
perature neutral, providing aeration, and provides the aes-
thetically desirable tactile qualities of fabric against the body
of the user. The fabric provides soft transitions between the
polymer grid, shields the user from contacting and feeling the
grid, and allows for larger openings in the grid, due to the
ability of the fabric to act in tension so as to hold the shape of
the opening. This further provides adequate safeguards pre-
venting the user, or others, from getting their fingers or other
components stuck or pinched by the openings. The larger
opening size in turn, provides for reduced material costs,
greater flexibility of the structure, and greater flexibility in
configuring the aesthetics. In one embodiment, the volume of
material for the grid may be reduced by up to 40%.

The bonding process allows for the same types of materials
to be used for the grid structure and fabric, without experi-
encing discoloration of bleeding of either the plastic or the
fabric. At the same time, the bonds between the fabric and
grid structure are sufficient to withstand the tensile forces
applied to the fabric. Due to the same chemical make-up, the
fabric and grid structure, in combination, may also be melted
and collected for subsequent usage as a raw material for other
manufacturing processes.

The foregoing paragraphs have been provided by way of
general introduction, and are not intended to limit the scope of
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the following claims. The various preferred embodiments,
together with further advantages, will be best understood by
reference to the following detailed description taken in con-
junction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a front, perspective view of one embodiment of a
body support structure.

FIG. 2 is a front view of an alternative embodiment of a
body support structure.

FIG. 3 is a top, perspective view of the body support struc-
ture shown in FIG. 1.

FIGS. 4A and B are cross-sectional views of the body
support structure shown in FIG. 1 taken along lines 4A-4A
and 4B-4B.

FIG. 5 is a perspective view of a molded support grid
supported on a nest structure.

FIG. 6 is a perspective view of the molded support grid
being exposed to infrared emissions.

FIG. 7 is a perspective view of a fabric layer being pressed
against a molded support grid having a molten surface layer.

FIG. 8 is a top view of a fabric layer bonded to a molded
support grid.

FIG. 9 is a bottom view of a molded support grid bonded to
a fabric layer.

FIG. 10 is a schematic showing the process for molding a
support grid and bonding a fabric layer thereto.

FIG. 11 is a schematic showing the process for recycling a
body support structure.

DETAILED DESCRIPTION OF THE PRESENTLY
PREFERRED EMBODIMENTS

It should be understood that the term “plurality,” as used
herein, means two or more. The term “longitudinal,” as used
herein means of or relating to length or the lengthwise direc-
tion 2, as shown in FIG. 1. The term “lateral,” as used herein,
means directed between or toward (or perpendicular to) the
sides of a body support structure, e.g., a lateral direction 4.
The term “coupled” means connected to or engaged with,
whether directly or indirectly, for example with an interven-
ing member, and does not require the engagement to be fixed
or permanent, although it may be fixed or permanent. The
term “transverse” means extending across an axis or surface,
including but not limited to substantially perpendicular to the
axis or surface. It should be understood that the use of numeri-
cal terms “first,” “second,” “third,” etc., as used herein does
not refer to any particular sequence or order of components
(e.g., consecutive); for example “first” and “second” support
members may refer to any component members of a particu-
lar configuration unless otherwise specified.

Referring to FIGS. 1-4B, abody support structure 6, shown
as an office chair, includes a backrest 8 and a seat 10. It should
be understood that other body support structures may include
without limitation automotive, airplane, mass transit, health
care, educational, and auditorium seating, and/or variations
thereof, as well as outdoor and home furnishings, including
without limitation lounge chairs, sofas, and beds, and com-
binations thereof. Both the seat 10 and back 8 include a
molded polymeric grid structure 14, 12 and an overlying
fabric layer 18, 16. It should be understood that the term
“fabric” refers to any thin, flexible material, whether woven,
knitted, pressed, etc., wherein the material is not capable of
independently maintaining a three dimensional contour. In
various embodiments, the fabric may be made of polypropy-
lene, which is extremely lightweight, moisture conducting
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(wicking), quick dry, capable of isolating heat/cold, stain
release capable, resistant to abrasion, chlorine bleaching
resistant and inexpensive, and has very good UV stability.
Some suitable fabrics are available from Camira Fabrics,
including for example the CITADEL fabric, which is 100%
PERFENTEX (polypropylene), the CHATEAU PLUS fabric,
made of 100% PERFENTEX PLUS (polypropylene with fire
retardant salts ingrained in the fibers), and the ZETA fabric
made of polyolefin.

The fabric layer 18, 16 overlies and covers various open-
ings 22, 20 forming in the grid structure 14, 12. The fabric
layer 18, 16 is connected, preferably by bonding, to lands 26,
24 defining and positioned between the openings 22, 20. The
grid structure 14, 12 is formed with a predetermined three-
dimensional contour, as shown for example in FIGS. 4A and
4B. The contour may be provided in both the lateral and
longitudinal directions 4, 2. In one embodiment, the grid
structure 14, 12 is made of a material from the same chemical
family as the fabric layer 18, 16, for example polypropylene.
In one embodiment, the grid structure and fabric layer are
chemically compatible, and in one embodiment chemically
miscible, which may facilitate recycling of the composite
structure made up of the grid structure and fabric layer. Due to
the connection between the lands 26, 24 and the fabric 18, 16,
the openings 22, 20 in the grid structure may be made rela-
tively large, both in width, diameter and/or length, as the
fabric maintains the shape of the opening when the body
support structure is loaded, for example by putting the fabric
in tension. In one embodiment, the span of the opening,
defined as the greatest of a width, length, diameter or other
dimension of the opening, is greater or equal to 8 mm, and in
one embodiment less than or equal to 25 mm, yet meets the
British Standard BS EN 1335-2:2009 due to the fabric cov-
ering the openings and being connected to the lands. For
example, as shown in the embodiment of FIG. 2, the openings
30 extend along substantially the entire length of the backrest,
and for example from a thoracic region 34 to a sacral region
38, and are separated by lands 32.

Due to the connection of the fabric to the lands, shown as
strips, the strips are prevented from spreading in both a lateral
direction, as well as a fore-aft direction. Likewise, as show in
FIG. 1, the openings 22, 20 are made relatively large, which
provides improved aeration, but while maintaining a con-
toured shape and frameless structure. At the same time, the
composite structure (grid structure and fabric layer) provides
improved flexibility at desired locations. The flexibility of the
structure may be further tuned by providing for different
thickness of material of the lands 26, 24 at different location,
or by modifying the size of the openings 22, 20. The fabric
layer 18, 16 provides a pleasant tactile feel and softens the
transition between the openings and lands of the grid struc-
ture, isolating that structure from direct contact with the user
such that the edges do not create undesirable pressure points.
At the same time, the composite structure feels temperature
neutral to the user.

In one aspect, it is contemplated that the grid structure 14,
12, and in particular the lands 26, 24, act as veins of the grid
structure (e.g., as in leaf), rather as a substrate with holes
formed therethrough, with the fabric layer 18, 16 acting as the
leaf material connecting the veins. The grid structure 14, 12,
if not connected at the lands to the fabric, may not be capable
of'adequately supporting a user, but rather may be too flexible
and flimsy. In this way, the fabric layer 18, 16 acts as a
structural component that maintains the position of and the
grid structure 14, 12 through tension while also supporting
and interfacing with the body of the user. In this embodiment,
the openings are the spaces formed between the veins. It
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should be understood that in some embodiments the “open-
ings” are not necessarily closed on all sides, but may be
bounded on only two sides.

Referring to FIGS. 1 and 2, the body support structure 6,
and in particular the backrest 8, includes various body support
regions, for example a thoracic region 34, a lumbar region 36
and a sacral region 38. In one embodiment, openings 20, 30,
or spaced apart lands 24, 32 (forming spaces 20, 30 therebe-
tween), are formed at least in the thoracic region 34. In one
embodiment, at least some of the plurality of openings 20, 30
are elongated, and may extend from the thoracic region to the
lumbar region and even to the sacral region, or from the sacral
region to the lumbar region. In another embodiment, a ratio
(VI:Vm) of a volume of land material (Vi(inches?)) for the
body support structure having openings to a volume of mate-
rial (Vm(inches?®)) for the same body support structure having
no openings that is less than or equal to about 0.74, in another
embodiment less than or equal to 0.70 and in another embodi-
ment less than or equal to 0.65. In one embodiment, the
overall material volume of the grid structure is 32 inches>,
while the volume of a back without a bonded fabric layer and
capable of supporting the same load is about 53 inches®,
thereby providing a %5 reduction in the polymeric material
used to make the grid structure of the back. In yet another
embodiment, the width of the openings is greater than the
width of the lands therebetween, and in one embodiment the
area of the openings is greater than the area of the lands
disposed between the openings. In one embodiment, the body
support structure has a ratio N:M of a surface area of the lands
to an overall area of a body support region defined by a
peripheral edge of the backrest 8 or seat 10 to that is less than
or equal to 0.74, in another embodiment less than or equal to
0.70 and in another embodiment less than or equal to 0.65.

Referring to FIG. 3, the seat 10 is shown with the fabric
layer 18 functioning as both a suspension material in one
region 40 (e.g., buttock) of the seat, while the fabric layer is
bonded to a grid structure 14 (land 26), thereby forming a
contoured structure, in another region 42 (e.g., thigh). In the
buttock region 40, the fabric is put in tension across a large
opening, and is secured to a frame around the periphery of the
opening, and functions as a suspension membrane.

Referring to FIG. 4, an edge detail 50 may be molded, or
otherwise applied, around the periphery of the composite
structure (grid structure and fabric layer) so as to obscure and
cover the edge of the fabric.

Referring to FIGS. 4-10, during the assembly process, a
grid structure 12 is molded in a predetermined three-dimen-
sional contoured shape. The grid structure 12 is loaded onto a
nest 70, which may be made of Aluminum. In one embodi-
ment, the nest 70 may be configured with holes that match the
holes in the grid structure 12, such that infrared radiation is
not reflected from the nest to the backside of the grid struc-
ture. A piece of fabric 16, of sufficient area to cover the grid
structure 12, or a predetermined portion thereof, is loaded
into a press casset 82. The nest 70 is transported under an
array of infrared emitters 80, or the array is moved over the
nest. In one embodiment, the array 80 includes a plurality of
2200 watt infrared emitters located about 3 inches from the
surface of the grid structure 12. The array 80 is turned on for
a predetermined period of time, for example 15 seconds,
which melts a surface layer 62 of the grid structure 12, while
maintaining a lower layer 60 or substrate in solid (unmelted)
form beneath and adjacent to the molten layer. The array may
be turned on in sequence for even melting of the surface as the
nest travels under the array. The nest 70 is then moved to a
press station 86 (e.g., a bladder press), or the press station 86
is moved over/next to the nest 70, with the casset 82 moving
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under the press. The press 86 is actuated and presses the fabric
layer 16 against the molten surface 62 of the grid structure 12
forapredetermined time (e.g., 16 seconds) ata predetermined
load (e.g., 3 psi) such that the fabric 16 is bonded to the lands
24 of the support grid. The nest 70 then moves to a trim
station, or a knife is moved over the nest, whereinafter a hot
knife 90, or other cutting device including lasers, ultrasonic
knifes, water jets, etc., is used to trim the fabric layer 16 flush
with the edge of the grid structure 12, or relative to a portion
of the grid structure. The trimmed part is then placed in an
injection mold 94, with a trim edge 50 molded over the
trimmed edge of the fabric, for example around the periphery
of the grid structure. The nest may be moved automatically
from one station to another under power, manually by hand,
or some combination thereof.

In an alternative embodiment, also referring to FIG. 10, the
grid structure is heated to the melting point of a granulated hot
melt adhesive 206, which adhesive is scattered onto the
heated surface of the grid structure with an adhesive applica-
tor 204. The adhesive 206 bonds to the grid structure, or falls
through the openings 20. In one embodiment, the adhesive is
reheated with an infrared emitter array 80 with the fabric layer
12 applied and the finishing operations performed as previ-
ously described. Alternatively, heat may be conducted
through the fabric layer 16 to the adhesive 206 by way of a
heated bladder press 86, with the fabric layer 16 being pressed
against the adhesive and grid structure. Further finishing
operations may then be performed as previously described.

Referring to FIG. 11, at the end of life of the body support
structure, the entire structure, including the fabric 16 and grid
structure 12, may be melted together in a furnace 98 due to the
similar chemical make-up thereof. The body support struc-
ture may be shredded or ground up by a shredder/grinder 202
prior to melting. After melting, the combined melted material
is collected, for example by extruding pellets 100 of the
melted material. The collected material, e.g. the pellets, may
then be used to manufacture other components, for example
by melting the pellets and using them in a molding process.

Although the present invention has been described with
reference to preferred embodiments, those skilled in the art
will recognize that changes may be made in form and detail
without departing from the spirit and scope of the invention.
As such, it is intended that the foregoing detailed description
be regarded as illustrative rather than limiting and that it is the
appended claims, including all equivalents thereof, which are
intended to define the scope of the invention.

What is claimed is:

1. A body support structure comprising:

a molded polymeric support grid having a three-dimen-
sional molded contour, said polymeric support grid
comprising a body support region having a plurality of
through openings separated by a plurality of lands,
wherein said polymeric support grid defines a first out-
ermost layer having a first visible, outermost surface,
wherein said polymeric support grid has an outer periph-
eral edge defining said body support region of said poly-
meric support grid, wherein said body support region
has an overall area, and wherein a ratio of a surface area
of said lands relative to said overall area of said body
support region is less than or equal to 0.74; and

a fabric layer bonded directly to said plurality of lands and
covering said plurality of openings, wherein said fabric
layer maintains a shape of said through openings when
said body support structure is loaded and wherein said
fabric layer defines a second outermost layer having a
second visible, outermost surface opposite said first vis-
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ible, outermost surface, wherein said support grid and
said fabric layer are self-supporting.

2. The body support structure of claim 1 wherein a width of
each of at least one pair of said openings is greater than a
width of said land disposed between said openings of said
pair.

3. The body support structure of claim 1 wherein said
polymeric support grid and said fabric layer are made of the
same polymeric material.

4. The body support structure of claim 3 wherein said
polymeric material is polypropylene.

5. The body support structure of claim 1 wherein the body
support region includes at least a thoracic region of a backrest.

6. The body support structure of claim 1 wherein at least
some of said openings have a span of greater or equal to 8 mm
and less than or equal to 25 mm.

7. The body support structure of claim 1 wherein said ratio
is less than or equal to 0.70.

8. The body support structure of claim 7 wherein said ratio
is less than or equal to 0.65.

9. The body support structure of claim 1 wherein said body
support region defines a backrest.

10. The body support structure of claim 9 wherein at least
one of said plurality of openings is elongated and extends
continuously from a thoracic region to a sacral region of said
backrest.

11. The body support structure of claim 1 wherein said
body support region defines a seat.

12. The body support structure of claim 1 wherein said
polymeric support grid and said fabric layer have outer
peripheral edges, and further comprising an edge detail cov-
ering said peripheral edges, wherein said edge detail defines
outermost first and second exposed surfaces overlying
respectively portions of said first and second outermost sur-
faces of said polymeric support grid and said fabric layer.

13. The body support structure of claim 12 wherein said
edge detail is molded around said peripheral edges.

14. A body support structure comprising:

a molded polymeric support grid having a three-dimen-
sional molded contour, said support grid comprising a
body support region having a plurality of through open-
ings separated by a plurality of lands, wherein said poly-
meric support grid is defined by an outer peripheral
edge, and wherein a ratio of a surface area of said plu-
rality of lands relative to an overall area of said support
grid is less than or equal to 0.70, and wherein at least one
of said openings has a span of greater or equal to 8 mm
and less than or equal to 25 mm, wherein said support
grid defines a first outermost layer having a first visible,
outermost surface; and

a fabric layer directly bonded to said plurality of lands and
covering said plurality of openings, wherein said fabric
layer maintains a shape of said through openings when
said body support structure is loaded and wherein said
fabric layer defines second outermost layer having a
second visible, outermost surface opposite said first vis-
ible, outermost surface, wherein said support grid and
said fabric layer are self-supporting.

15. The body support structure of claim 14 wherein said
polymeric support grid and said fabric layer are chemically
miscible.

16. The body support structure of claim 15 wherein said
polymeric support grid and said fabric layer are made of the
same material.

17. The body support structure of claim 16 wherein said
polymeric material is polypropylene.
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18. The body support structure of claim 14 wherein said
polymeric support grid and said fabric layer have outer
peripheral edges, and further comprising an edge detail cov-
ering said peripheral edges, wherein said edge detail defines
outermost first and second exposed surfaces overlying
respectively portions of said first and second outermost sur-
faces of said polymeric support grid and said fabric layer.
19. The body support structure of claim 18 wherein said
edge detail is molded around said peripheral edges.
20. A method of manufacturing a body support structure
comprising:
molding a support grid in a three dimensional shape from a
polymeric material, wherein said support grid comprises
a body support region having a plurality of through
openings separated by a plurality of lands, and wherein
said support grid defines a first outermost layer having a
first visible, outermost surface, wherein said support
grid has an outer peripheral edge defining said body
support region of said support grid, wherein said body
support region has an overall area, and wherein a ratio of
a surface area of said lands relative to said overall area of
said body support region is less than or equal to 0.74;

melting only a surface layer of said support grid while
maintaining a solid substrate adjacent said molten sur-
face layer; and
pressing a fabric directly against said molten surface layer
of said plurality of lands of said support grid, wherein
said fabric layer covers said plurality of through open-
ings, wherein said fabric layer maintains a shape of said
through openings when said body support structure is
loaded and wherein said fabric layer defines a second
outermost layer having a second visible, outermost sur-
face opposite said first visible, outermost surface,
wherein said support grid and said fabric layer are self-
supporting.
21. The method of claim 20 wherein said melting said
surface layer of said support grid comprises exposing said
surface to an infrared emitter for a predetermined time period.
22. The method of claim 20 wherein said pressing said
fabric against said molten surface layer comprises pressing a
fluid bladder against said fabric.
23. The method of claim 20 further comprising trimming
an edge of said fabric.
24. The method of claim 23 further comprising overmold-
ing a trim edge onto said support grid and thereby covering
said trimmed edge of said fabric.
25. The method of claim 20 wherein said support grid and
said fabric are chemically miscible.
26. The method of claim 20 wherein said polymeric mate-
rial is polypropylene.
27. The method of claim 20 wherein said support grid and
said fabric are different colors.
28. A method of manufacturing a body support structure
comprising:
molding a support grid in a three dimensional shape from a
polymeric material, wherein said support grid comprises
a body support region having a plurality of through
openings separated by a plurality of lands, wherein said
support grid defines a first outermost layer having a first
visible, outermost surface, wherein said support grid has
an outer peripheral edge defining said body support
region of said support grid, wherein said body support
region has an overall area, and wherein a ratio of a
surface area of said lands relative to said overall area of
said body support region is less than or equal to 0.74;

heating a surface of said support grid opposite said first
outermost surface;
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applying an adhesive to said heated surface of said support

grid;

melting said adhesive; and

pressing a fabric directly against said molten surface layer

of said plurality of lands of said support grid, wherein
said fabric layer covers said plurality of through open-
ings, wherein said fabric layer maintains a shape of said
through openings when said body support structure is
loaded and wherein said fabric layer defines a second
outermost layer having a second visible, outermost sur-
face opposite said first visible, outermost surface,
wherein said support grid and said fabric layer are self-
supporting.

29. The method of claim 28 wherein said melting said
adhesive comprises exposing said adhesive to an infrared
emitter for a predetermined time period.

30. The method of claim 28 wherein said melting said
adhesive and said pressing said fabric are performed simul-
taneously by conducting heat through said fabric to said adhe-
sive.

31. The method of claim 30 wherein said pressing said
against said molten surface layer comprises pressing a heated
bladder press against said fabric.
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